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relates t'o a nmulti-stage aqueous emnul sion polynmer. This invgﬁhﬁ &
relates to a nethod for providing a dirt pickup resistant coating

containing the nmulti-stage aqueous enul sion polynmer. Mre particdﬁggay,

this invention relates to a nulti-stage emul sion polymer including a first

pol ymer containing a copol ynerized ionic nononer and a crosslinked second

- pol yner of different conposition. The present invention serves to Erovide
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pi ckup resistapnce, Wit hout jeopardizing filmformation,. a first
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enul si on- polydesirsblietiaphaeddls oPsoalbstifly EblveheXup resistant coatings
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pol yner, of optionally containing copolymerizable monomers having at least tio
ethylenically unsaturated groups such as allyl, acryl, or methacrjl grdups and
having a dynamic glass traﬂsition temperature above 60 °C and a shell poiymer
with a dynamic glass transition temperature of below 80 °C and also at least 20
°K below the glass transition temperature of the core material. However, the use
of such dispersions leads to coatings having inadequate dirt pick-up resistance.

The problem faced by the inventors is the provision of a multi-stage
emulsion polymer suitable for use in dirt pickup resistant coatings which provide
dried coatings having unexpected levels of dirt pickup resistance without
jeopardizing film formation.

In a first aspect of the present invention there is provided a multi-stage
aqueous emulsion-polymer suitable for use in dirt pickup resistant coatings
including (i) a first polymer including at least one nonionic copolymerized
monoethylenically unsaturated monomer, from 0.5% to 7% of a copolymerized
monoethylenically unsaturated ionic monomer, based on the weight of the first

polymer, and from 0% to 1.0%, based on the weight of the first polymer, of a
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copol yneri zed nulti-ethylenically unsaturated nononer, the first polyner
having a Tg of 15[err]C to 105[err]C, and (ii) a second polynmer conprising
at | east one nonionic copol ynerized nonoet hyl eni cal ly unsat urated nononer,
fromO0%to 2% of a copol ynmeri zed nonoet hyl enically unsaturated ionic
mononer, and from 0.25%to 6% based on the wei ght of the second pol yner,

. copolynerized nulti- ethylenically unsaturated nononer, the second pol yner
having a Tg of -55[err]Cto 30[err]C, the second polyner having a different
conposi t i oncdpalyimétiged niuti-ethyhdnicaly nasaturtedsnonomepaiherfirst ipelymgerf r om 25%
to 75% of the total weight of the first. polynmer, and the second polyner,
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pol ymer weights, “b) applying the a%ueous coating conposition to a

substrate, mmudingdilya figst pelymierdntludingatilepst phe napionieeoppdymmeriged oat i ng
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first pol ymPelyraer anddnemol% do 1.05%, basedap the waehheof the st polEmer, ofia

pol ymer, of c%@?&%&#ﬂrﬁﬁﬁ?—ewﬁfﬁcaﬂ -un?ﬁiéurr%:?% monomer, the first Spoé er .
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mul ti-ethylenically unsaturate ) .
0.25% to 6%, based on the weight of the second polymer, copolymerized multi-

ethylenically unsaturated monomer, the second polymer having a Tg of -65 °C to
30 °C, the second polymer having a different composition than the first
copolymer, and the second polymer being from 25% to 75% of the total weight of
the first polymer and the second polymer, based on dry polymer weights, b)
applying the aqueous coating composiﬁon to a substrate, and c) drying, or
allowing to dry, the applied aqueous coating compositibn.

The multi-stage aqueous emulsion polymer contains a first polymer
including at least one nonionic copolymerized ethylenically unsaturated
monomer and from 0.5% to 7% of a copolymerized monoethylenically
unsaturated ionic monomer, based on the weight of the first polymer, and from

0% to 1.0%, based on the weight of the first polymer, of a copolymerized multi-



nmononer. By "nulti-stage aqueous enul sion polyner' herein is nmeant an
emrul si on pol yner prepared by the sequential addition of two or nore

di f ferent nonomer conpositions. By "first polymer" and :second pol yner"
herein are neant two polynmers having different conpositions regardl ess of
the order in which they were prepared in & nulti-stage emnul sion

pol yneri zati on process. By "first stage polyner"” herein is neant the

ermul si on pol ymer whjch is fornmed first; by "second stage pol " herein is
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nononer suc anple, a"(neth)acrylic ester nonomer including

met hyl (et m)eatytivex polymteny haying different ecomapositions regazdlesacf fheoxder in

2- et hyl hexyl .(.neth)acryl ate, decyl t.hlacryl ate, hydroxyeth
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wei ght of t second polyner. By "ionic nononer" herein is neant a nmononer
unit which, omtrempositidry ofany sekd pelymtericramty additionhl stages) shak bg ineluded in

negatively the weight or composition of the first and second stage polymer.

The first polymer and the second polymer each contain at least one
nonionic copolymerized ethylenically ungaturated monomer such as, for example,
a (meth)acrylic ester monomer including methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, decyl
(meth)acrylate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate,
ureido-functional (meth)acrylates and acetoacetates, acetamides or
cyanoacetates of (meth)acrylic acid; styrene or substituted styrenes; vinyl
toluene; butadiene; monoethylenically unsaturated acetophenone or
benzophenone derivatives such as, for example are taught in US Patent No.
5,162,415; vinyl acetate or other vinyl esters; vinyl monomers such as vinyl

chloride, vinylidene chloride, and N-vinyl pyrollidone; ({meth)acrylonitrile; N-



charged at a pH of 2-11. lonic nonomers include acid group-containing
nmonomers such as carboxylic acid nononers including, for exanple, acrylic
acid, nmethacrylic acid, crotonic acid, itaconic acid, fumaric acid, maleic
aci d, nmononethyl itaconate, nononethyl fumarate, nonobutyl fumarate, and
nalelc anhydride; and sul fur- and phosphogpus-containing aci d nonomers.
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unsat urated nononer. The second polynmer contains fromO0.25%to 6% based on
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Tg of the second pol yner to 30 er era from
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aminoalkyl (meth)acrylamides, ammoalkyl vinyl ethers, and N-

(meth)acryloxyalkyl oxazolidines. Preferred ionic monomers for
copolymerization into the first polymer and second polymer are carboxylic acid
monomers. Preferred is a second polymer which contains an amount of
copolymerized carboxylic acid monomer less than 25% of the amount of
copolymerized carboxylic acid monomer in the first polymer. Preferred is a
second polymer which contains an amount of copolymerized ionic monomer less
than 0.1% by weight based on the weight of the second polymer. More preferred
is a second polymer which contains no copolymerized ionic monomer.

The first polymer contains from 0% to 1.0%, based on the weight of the
first polymer, of a copolymerized multi-ethylenically unsaturated monomer. The
second polymer contains from 0.25% to 6%, based on the weight of the second
polymer, of a copolymerized multi-ethylenically unsaturated monomer. Multi-

ethylenically unsaturated monomers include, for example, allyl (meth)acrylate,



Tg(M2) is the glass transition tenperature of the honopol ymer of M, all

tenperatures being in [err]K The gl ass transition tenperature of
honopol ynmers nay be found, for exanple, in "Polyner Handbook", edited by J.
Brandrup and E.H [Imergut, Interscience Publishers. In the

mul ti-stage enul sion pol ynerization procegs at |east two stages different
in conposition are forned in sequential fashion. Preferred is a multi-
stage enul si on polynerization process in which the first polymer is a first
stage pol yn&u@nghtmas@qomlﬂﬂeﬁe@ydo‘i dXnSBOAyRita OB 20hyleRe glied?. , the
second polyner "is forne dn%/ enmul si on _pol ynerization in_the presence of t he

first polynéimethagrylate; mnene@pbdx(mﬁthmwlg&oﬁa divigzl benzener s from
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6 Cationic surfactants Mé be used when the ionic nbnoner is an am no’
h

. group- contmqinon@rﬁé\% e anount of surfactant used is usually 0.1%to
- 6% by wei ght, based on the weight of total nononer. Either thernmal or redox
initiation processes nmay be used. Conventional free radical initiators may
- be used such as, 1/Ty(caledam@LPEMDenwiM2)Ae@d2)t - butyI hydr oper oxi de,
ammoni um and/ or al kali persulfates, typically at a | evel ,of 0.01%to 3.0%
by wei ght, based on the wei ght of total nononer. r§§%tems usi ng the

same e @fgﬁgf ey g;ﬁ&%f}@gﬁ%jﬁ% aﬁ;zgggb@;sgg@m:z

- hydroxyl am n M hSRAL simlar |evels,
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t ransf er agg‘ﬂﬂmzé%?h%glaﬁ%%@fﬂt&% temperature g PHARPLYEIEE ul ar

- wei ght of onblt@mma@wshemmf%ers The nononer mixture for a stage nay

be added neat or as an emulsion in water. The nononmer m xture for a stage

may be added in a‘h:eiglgésatmddltidmtempembum efttthmopriymers ooyt berfoowsl, forover

t he reaction er tted for,t t,a usi uni re_varyi
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- nonomner erruIIﬁté}gmgﬁc@pﬁbﬁgh@rsaddl tion. Additional ingredients such as, for

exanple, free radical initiators, oxidants, reducing agents, chain
In the multi-stage emulsion polymenzatlon process at least two stages

different in composition are formed in sequential fashion. Preferred is a multi-
stage emulsion polymerization process in which the first polymer is a first stage
polymer and the second polymer is a second stage polymer, i.e., the second
polymer is formed by emulsion polymerization in the presence of the first
polymer. In any event the weight of the second stage polymer is from 25% to
75% of the total weight of the first stage polymer and the second stage polymer,
based on dry polymer weights. The polymerization techniques used to prepare
such aqueous multi-stage emulsion-polymers are well known in the art such as,
for example, as disclosed in U.S. Patents No. 4,325,856; 4,654,397; and’
4,814,373. Conventional surfactants may be used such as, for example, anionic
and/or nonionic emulsifiers such as, for example, alkali metal or ammonium

alkyl sulfates, alkyl sulfonic acids, fatty acids, and oxyethylated alkyl phenols.



transfer agents, neutralizers, surfactants, and di spersants nmay be added
prior to, during, or subsequent to any of the stages. Processes yiel ding
pol ynodal particle size distributions such as those disclosed in US Patent
- Nos. 4,384,056 and 4,539, 361, for exanple, may be enpl oyed. A

- nmul ti-stage enul sion pol ynerization process usually results in the
formation of at least two nmutually inconpatible polynmer conpositions,

thereby resylting in_the fornation o t lLeast .two phases. The.nmutual -
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particle size distributions such as those disclosed in US Patent Nos. 4,384,056

and 4,539,361, for example, may be employed.

A multi-stage emulsion polymerization process usually results in the
formation of at least two mutually incompatible polymer compositions, thereby
resulting in the formation of at least two phases. The mutual incompatibility of
two polymer compositions and the resultant multiphase structure of the polymer
particles may be determined in various ways known in the art. The use of
scanning electron microscopy using staining techniques to emphasize the
difference between the appearance of the phases, for example, is such a
technique. Such particles are composed of two or more phases of various

geometries such as, for example, core/shell or core/sheath particles, core/shell



70% by volunme. The viscosity of the aqueous polyneric conposition

-from 50 centipoise to 50,000 centi poi se, ag ngasured uang a Brogﬁ¥igfd
Vi scomet er ; viscosities appropriate for different application nethods
vary considerably. _ Conventi onal coatings application nmethods such
as, for exanple, brushing, rolling, and7spraying nethods such as, for
exanpl e, air-atom zed spray, air- assi sted spray, airless spray, high
vol une | ow pressure spray, and air-assisted airless spray nay be_used.
The aqueouspgradledFithoshplbphases ihsommpletely dncapgplating the core, coré/shell
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curing agents, buffers, neutralizers, thickeners, rheology modifiers, humectants,

wetting agents, biocides, plasticizers, antifoaming agents, UV absorbers,
fluorescent brighteners, light or heat stabilizers, biocides, chelating agents,
dispersants, colorants, waxes, water-repellants, and anti-oxidants. Preferred is
the addition of a photosensitive compound such as, for example, a substituted
acetophenone or benzophenone derivative as is taught in US Patent No.
5,162,415. Particularly preferred is the addition of benzophenone.
The solids content of the aqueous coating composition may be from 10% to
' 70% by volume. The viscosity of the aqueous polymeric composition may be from
50 centipoise to 50,000 centipoise, as measured using a Brookfield viscometer;
viscosities appropriate for different application methods vary considerably.
Conventional coatings application methods such as, for example, brushing,
rollihg, and spraying methods such as, for example, air-atomized spray, air-
assisted spray, airless spray, high volume low pressure spray, and air-assisted

airless spray may be used. The aqueous coating composition is typically applied



relative humdity) for one day. Carbon black slurry was applied to part of
the panel. The panel was exposed at 35[err]C and 80% hum dity for 3 to 4
days. The panel was washed with running water (ca. 27[err]C) with a
cheesecl oth pad. The

panel was allowed to dry for one day at rdbmtenperature and 45[err]
Y-refl ectance was neasured with a Colorgard 45/0[err] Reflectoneter (
Pacific Scientific,, Gardper/Neotec I.nstrugent, Divjsji.on). Dirt.resistance
s 1 epor ¢ el SubHERteS AR a5y R RraRla, FobdRetal; BlashAS Rt e ORS
black was agflh 8d fof ciehlplfeohbiet6! &ledlsd mBHACKpRAEP PafhtdB 22 WrAHEA! -
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. area. After 16-20 hours at anbient tenperature, the two pieces of the chart
. were separ atatomiged drey kairassistethspraya sirlesscsprey, higbcelumeflow-messyre

. observing the tack [f]md_ seal %Rali n%:O represents conplete sealing of the

. test speci nEREXuft mgaa}?ﬁgfe ?reesﬁ PEP¥Ed: Rati ng=10 represents test

| specinmens fall amyingof {HedqidoRkicedtihglcempositidn@dylle dllowedteprdcabd on of
- multi-stage aqueous enul si on pol yner. Preparation_of Sanples 1- 15
and Conpar atunger sampieat gonditiong sprle gsfor xagipleatd TG e BB °6n or Hae toating

- pol ynmer was _pregpar laf I r ar ed
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. salt of sul fogt ed nonyl phenol ethoxylate from Rhodia, Inc.) and 600.2 grans
- dei oni zed water were charged to a 3 liter nulti-neck flask fitted with

" mechanical stirring. The flask antas eeweg$d to 80 degrees

centigrade ' IO gg‘gg to
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mononer enulmeasured witheHazafdew meter (Crirdnef Hazé-Glbss miete)e.  Upon
conpletion of the Stage 2 nononer enul sion the reactor vessel contents
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Scrub Resistance measurement: A coating composition was drawn down on
a black vinyl chart with a 0.0762 mm(3-mil) Bird film applicator. The sample
was allowed to dry at room temperature (approximately 23 °C (73 °F) and 50%
relative humidity) for 7 days. Abrasive scrub resistance was measured with a
scrub machine (Gardner Abrasive Tester) using 10 grams scrub medium and

5 ml water for up to 400 cycles. The number of cycles at the first spot of paint

film removed was reported.

Dirt Resistance measurement: A coating composition was drawn down on an
Aluminium panel with a 0.127 mm(5-mil) Bird film applicator. The sample was
allowed to dry at room temperature (approximately 23 °C (73 °F) and 50%

. relative humidity) for one day. Carbon black slurry was applied to part of the
panel. The panel was exposed at 35 °C and 80% humidity for 3 to 4 days. The

panel was washed with running water (ca. 27 °C) with a cheesecloth pad. The



10 were held at 80 [err]C for 15 mnutes before cooling to room
tenperature and neutralized with amoni um hydroxide to pH as presented in

Table 1.2. Table 1.1 Conposition of Mnoner Enul sions
Stare 1 + Stage 2 Sarrplel D.I. Water -
195.8 ¢ D.l1. Water - 239.4 ¢ Abex EP - 110
(30% - 15.4 ¢ Abex EP—110 (30% - 9.5 ¢ But ylI
Acryl ate - 81. ersul ate o

Vet byl Vet rEgRgesaloned b 45y i A %m%?emgﬁat&r‘a and 45° Y-reflectance
Acrylic Acigag n§ear§uged Wlth ah@élm’éarme Réh@&&metéﬂ@-%cﬁc Scientific,

Al lyl Methacrylate - 7.96 g Conparative . \Mter - 195.8

D.1. \ater. Ga’z‘&ﬁeﬂNgoiﬁa rIpEtrubnent Division). mbsxeastancgmq spgrted asth ¥ptio
ﬁb mer; ] FE;n 1 é g p é Gﬁ& ;éefPecgarg@ fgr the area where carbon bl%gct:%g!taﬁ‘ %p%k%@ﬁtg éclrugﬁo %}ﬁe_

237.7 g BuppbnAgeyl ate - 278.6 ¢ Acrylic ACI d- 6.5¢g
Met hyl Methacrylate - 119.36 g Sanple 2 D.1. Water - 195.8 ¢
D.I. Water Bl istance measurement: : A qqgtmggpmp@mgpq g@e}@drawp5dq;m@ on

poex EP 110 (Cheka shdrtwilh 5,0.0762 mm(3-mil) Bird flgY ‘a?éélflﬁﬁ{oi" F g rugxﬁigﬁné&_

0 237.7 g BubWbwedftylddy et Toaxﬁ&eﬁnpbrature (approximately 23 °C 43 $B) &nd\50% - 6.5 g
Met hyl Methacrylate - 109.4
Al lyl Met hagely.tgp@umlﬂl’gé fgr one day. The coated chart was cut up and two coated

6\2[ glr ! ? ';‘(i;d ace were %fg% § fice to face. A&kg v@gﬁ%& pz?gc.?egg ov@r%s6.45 em? B

EP- 110 (30%inch29afeay After 16-20 hours at ambient Bethpbratars, theeawo iéces @' the
Ammoni um Persul fate - ate -

264.1 g Bulc hartawers %ﬁmarateggg)@ bb)ck resistance was rated on P hggﬂ.llfe y% h(@ih )

g -
Alyl Met hac 1 y?ll\?ﬁegﬁ%]i%&t &nd éﬂkﬁ%tﬂlg 0 represents ([:g)mplete s%ar.hr_lg of1 t7he6test
D.l1. Water spB&Ynéilsgnluch cannot be separated Ratdhgx1EPepresarits(t8shgpecimens fajl

Abex EP-110 (30% Butyl Acrylate - 126.6
~ Amoni um Per2dgrt ‘é’ﬂ@mmfp%?eg force). Met hyl Met hacryl ate g
227.87 g Butyl Acrylate - 126.6 g Acrylic Acid - 7.2

g Met hyl- Met hacrylate - 227.87 ¢
Al lyl Met hadEXAMELE Y. 2 gPreparation of multi-stage aqueous emulsion polymer.

Preparation of Samples 1- 15 and Comparative Sample A . In samples 1-
15 of this invention the first polymer was prepared as the first stage and the
second polymer was prepared as the second stage.

3.7 grams Abex EP-110 surfactant (ammonium salt of sulfated
nonylphenol ethoxylate from Rhodia, Inc.) and 600.2 grams deionized water were
charged to a 3 liter multi-neck flask fitted with mechanical stirring. The flask
contents were heated to 80 degrees centigrade under nitrogen. 0.54 grams
ammonium persulfate was charged to the reaction vessel and gradual addition of
the monomer emulsion was immediately initiated. Monomer emulsions as
presented in Table 1.1 were formed by combining surfactant and water charges
and adding monomer charges with mixing. The Stage 1 monomer emulsion was
added to the kettle at 9.1 ml/ minute. Upon completion of the Stage 1 feed the
reactor vessel contents were held at 80 °C for 15 minutes. Gradual addition of
the Stage 2 monomer emulsion was then started at a rate of 8.1 ml/ minute.

Upon completion of the Stage 2 monomer emulsion the reactor vessel contents



Sample 5 D.I. Water - 217.6 D.lI. Water - 217.
Abex EP - 110 (30% - 15.4 g Abex EP9110 (30% - 9.5 g ° 9
‘Butyl Acrylate - 90.42 g Anmmoni um Persul fate - 1.62 g
Met hyl Methacryl ate - 264.04 g Butyl Ad@ylate - 253.19 g
ﬁlclry: [ (l\:/bf\(f:’ll d-7.29¢g Met hyl Methacrylate - 106.7 g
217y6 g v%gxl-’eyllle?é %.t 85%9%1‘/\% E}inutef Hfoge &(%%g%lt% rgom temperature and- | 'exV\gI[:‘er )
110 (309 pevkralized with @¥nribhitdlhyddtde to 9I-Easgpresented in Table 1.2 . But y|
@g{ﬁl ?tﬁ/eihgo 4I g Ammoni um Persul fate - 1.62

y acryl ate :ﬁ{rﬁ E%g),;l
Acrylic Acid - 7.2 ¢ Tg%%%&rntﬁb* ‘%\%éﬁacr a?lé <t Si@ng
AIIyI V\al\/bthacryl ate - 18.1 At e 7 V\ater -"130.56 g

ter

e porSls " 3.3 DL Water-1958¢ . Abex E'i)I ferl- %%g 9§4259
Anroni um Persulfate - 2. 27 Apex EP- 110 (30%) - 154 g . 1 o) fatg2 0
158.42 g Butyl Acrylate - ]2A 1 e-8lig E‘“ ﬁ?g
4.32 g Met hyl  Net hdFE, 8&2}3@%32%775' B“tylAryl
Al lyl Methacrylate - 5.04 ds‘ch“ e?hyl ?thacrylai gf
D.I. Water - 130.56 g Abex E 1Y111‘f6 6 g
Abex EP-110 (30% - 5.7 ¢ : ' But 126 59 g
Anmoni um P€lompafrative - 0. 97 19.1. Water - 196.8 g %ﬁ:ﬁx%‘? te -
369.66 g SBuiple AAcryl ate -Btex BB-310(30%)-154g  Abex
10.1 g Al 1yl ~ Met hacBytyhberylate -Bl.42 Sanpl e onium Pérsul é-wz
Water - 217.6 g Methyl Metheerylate t 23%8.7 Butyl Acrylate -27868 = apex
EP - 110 (30% - 15.4 g AbsxyEPALidD-§8@%) - 9.5 ¢ MethylMethacrylate 119.36 g
Butyl Acrylate - 144.72 ¢ Ammoni um Persul fate - 1.62

Met hyl Met Isiesipleat e - 198. 9B.IgWatBti 195.8¢ryl ate - 14 Yéatgr 239.4¢g

Acrylic Acid - 18 g AbexVEPhVII10NBO%Bc15 gt ¢ - ABEOEPOLYY (30%)-9.5 g
Allyl Methacrylate - 7.2 g Bogiceylate-814g DAmmuyiugy Perspifates 162 g
D.I. Water - 217.6 g Methyl Methacrylate - 2803&fxg EPButyl /erylage 278.68. 4 ¢
Abex EP-110 (30% - 9.5 g AcrylicAcid-6.5¢g BuMethyAdVigthscrylatel-ASPg g
Ammoni um Persul fate - 1.62 g Allgt Methadrylade r 71961tz -
213.4 g Butyl Acrylate - 144.72 ¢ AcrylicAcid-2g
Sample 3 D.1. Water-2176g D.I. Water-2176 g
Abex EP - 110 (30%) - 1564 g Abex EP-110(30%)-9.5 g
Butyl Acrylate - 904 g Ammonium Persulfate - 1.62 g
Methyl Methacrylate - 264.1g  Butyl Acrylate - 2533 ¢g
Acrylic Acid-7.2 g Methyl Methacrylate - 101.3 g
Allyl Methacrylate-7.2 g
Sample 4 D.I. Water - 2176 g D.I. Water-217.6 g
Abex EP - 110 (30%) - 154 g Abex EP-110(30%)-9.5 g
Butyl Acrylate - 126.6 g Ammonium Persulfate - 1.62 g
Methyl Methacrylate - 227.87 g Butyl Acrylate - 1266 g
AcrylicAcid-72 g Methyl Methacrylate - 227.87 g
Allyl Methacrylate - 7.2 g
Sample 5 D.I. Water-2176 g D.I. Water-2176 g

Abex EP - 110 (30%) - 154 g
Butyl Acrylate - 90.42 g.
Methyl Methacrylate - 264.04 g
AcrylicAcid-7.2 g

Abex EP-110(30%)-9.5g
Ammonium Persulfate - 1.62 g
Butyl Acrylate - 253.19 g
Methyl Methacrylate - 106.7 g
Allyl Methacrylate - 1.81 g



Acrylic Acid - 3.62 ¢ Met hyl Met hacrylate - 209.79 g

AFlyl Methacrylate - 7.2 g Sanple 11 D.I. Water - 217.6 ¢
D.I. Water - 217.6 g Abex EP - 110 (30% - 15.4 g
Abex EP-110 (30% - 9.5 1 Butyl Acrylate - 144.72 g
Ammoni um Persul fate - 1.62 g Met hyl Met hacryl ate -
209.78 ¢ Butyl Acrylate - 144.72 ¢ Acrylic Acid -
7.2 g _ Met hyl Met hacrylate - 202.61 g

Acrylic Acsgnple§ 2 9 D.I. Water - 217.6 g D.I. Water- 217.6 g

Allyl Methacrylate - 7.2 gAbeSRRPHE0 (83%)-15.4 ¢ Abek EPWADE30%) -2557g 6 ¢

D.l. Water - 217.6 g ° Butyl Acrylate -90.42 g Abex ERAmmadi@m(Beglifate 1562g g
Abex EP-110 (30% - 9.5 g Methyl Methacrylate - 264.04 g BUButyl Meylgleat263.19 §26. 6 ¢
Anmoni um Persul fate - 1. 62 AgrylicAcid-72¢g MeathyhMethhsylabec 190422 -

227.87 g Butyl Acrylate - 126.6 ¢ Allyl Methacpgdatgl-18.14ci d -
7.2 Met hyl Met hacrylate - 220.7 ¢

But anedi ol Sikpktthacryl at e -D.LAWater - 130.56 g D.I. Water - 304.64 g

12 Sanpl e 13 D.Abex #R(-410 (30707 942¢ Abep HP-11048Q%) - 138157 6 ¢
Abex EP - 110 (30% - 15.4§;ty1Acmie§@-|§pzégo (309 -Ammgnigm Persulfate - 2.27 g
Butyl Acrylate - 126.6 g ethapalater 10§42 & 1. Bytylficrylate - 202.61 g
Styrene - 126.6 ¢

Acrgig:txyjd -,cge:li%,g ate - 253. Zlgegyl Methacrylate - 298.83 g
Met hyl Methacrylate - 101.28 g Methyl Methacryl at e Allyi3fethbasryjate -5.04¢

Acrylic Acid - 7.2 Al |yl -
D. | y Wt er SampleB g d . Vel ha604r2/_ ate 7. ZDq Wat%?‘r-r?éO%Gl g4

-6 g .6 g Abex
EP - 110 (30% - 15.4 g %) 68 g 5 befo_’-llO(30%)-5.7g
Butyl Acrylate - 28.94 g R L%? ‘?’tf’% - 1. ’r’ij’z‘u’?alz:’:;‘fzf%;'o'g'?g
Met hyl Methacryl ate - 325. 97 4: Bl 3 T [ate™-€ 354 11@:3' late - 4 g
éclryl{/\; Acid - 7.2 ¢ ﬁy I\/b ﬁcryl ate - 7.2 ¢ %czﬂmfe ff:?g
N ter o 2i|.7 6 - 217.6 Ab

e'9 I Water - @i 9 D.I. Water-217.6¢g ex

Ept'l 1%\0 (?6%‘) - 15.4 9 %;E °h %%o BO%s g 9 5 Bhex EP-110 (30%)-95¢
utyl Acrylate - 65.07 g Rirlatd Fansplt ate - 1 dium Persulfate - 1.62 g

Methyl Methacrylate - 289. 3ﬁe@1y bﬂac%té!l- ﬁ@%‘g 3543%1 Acrylate - 144.72 g

Acrylic Acid - 7.2 g ALy AdEt f@gryl ate -~ 7. 2Mthyl Methacrylate - 209.79 g
Allyl Methacrylate- 7.2 g
Sample 10 D.I1. Water-217.6 g D.I. Water-217.6 g
Abex EP - 110 (30%) - 154 g Abex EP-110(30%)-9.5 g
Butyl Acrylate - 144.72 g Ammonium Persulfate - 1.62 g
Methyl Methacrylate - 2134 g Butyl Acrylate - 144.72 g
Acrylic Acid -3.62 g Methyl Methacrylate - 209.79 g
Allyl Methacrylate - 7.2 g
Sample 11 D.I. Water-217.6 g D.I. Water-2176 g
Abex EP -110(30%) - 15.4 g Abex EP-110 (30%) - 9.6
Butyl Acrylate - 144.72 g Ammonium Persulfate - 1.62 g
Methyl Methacrylate - 209.78 g Butyl Acrylate - 144.72 g
 AcrylicAcid-7.2 g Methyl Methacrylate - 202.61 g
: Acrylic Acid-7.2 g
Allyl Methacrylate - 7.2 g
Sample 12 D.I. Water - 2176 g D.I. Water - 2176 g

Abex EP-110(30%)-15.4 g
Butyl Acrylate - 1266 g

Methyl Methacrylate - 227.87 g
Acrylic Acid - 7.2

Abex EP-110(30%) -9.5 g
Ammonium Persulfate - 1.62 g
Butyl Acrylate - 126.6 g

Methyl Methacrylate - 220.7 g
Butanediol Dimethacrylate - 14.4g



TABLE 1.2 Characterization of nulti-stage aqueous enul si on pol ymers. SAMPLE

PARTI CLE TOTAL pH VI SCosI TY SIZE (nm) SOLIDS
(cps) 1 103 40. 7 9.0 28 Conp. A 100 40. 6
9.0 322 104 40.6 12 9.1 28 3 102
40. 7 9.0 24 4 116 40. 8 9.1 255
%17 40. 6 9.0 256 108 40. 6 9.0 26
: 08
9.0 44 gSample13 11440 6 D1 Water> $17.6 &% 8 - gI ater - 217.6 40- 4
: 40. 6 9.0 33 11 Abex 7?.10 (30%)- ex P-110 (?87%95g
100 40. 4 9. (Butyhacryiate - 1266&03 Ammﬂ Persu at% 56284
14 94 © 40. 4 Styrene - 266 g °"Y1ate 2534
9.0 27 Notes: Particle @ﬂzﬂylmfba%%t@mlﬁéc?% B’F H?s’n?%g
Bl -90 Particle Sizer. TotalAgylitdsidwe?-€ Let er mi ned

30-45 mnutes at 150[err]C. Viscosity was determ ned usi ng Brookflel d LVTD
Vi sconeter at 60 rpm

13
TABLE 1.3 Gahepleaded Tgs of DdoWater- 81a§es of nul ti Dbi.aYatenqizddésg enul si on
pol ymers. SAMPLE Stage 1 TAbéf BPr-]100 (36%agdSa &g ( [Adex] 110 (30%) - 9.586. 9

-22.4 Conp. A 46.9 Butyl A2ylte-28.94g  46. 9 Ammonium Persulfatg? 16233
46. 9 -22.4 4 Methyl Mea&cﬂylate 325.97g ButyBAdrylate - 354.47 g16. 9
-22.4 6 46.9 Acrylic Acid 22.2¢ 7 4913 Methacrylate - 7.2 g19. 9
8 46. 9 -52.2 9 19.9 19.9
Sample 15 D.I. Water - 217.6 D.I. Water - 217.6 g
Abex EP - 110(30%) - 154 ¢ Abex EP-110 (30%) -9.56 g
Butyl Acrylate - 65.07 g Ammonium Persulfate - 1.62 g
Methyl Methacrylate - 289.36 g Butyl Acrylate - 354.47 g
AcrylicAcid-72 g Allyl Methacrylate-7.2 g

TABLE 1.2 Characterization of multi-stage aqueous emulsion polymers.
SAMPLE PARTICLE TOTAL pH VISCOSITY

SIZE (nm) SOLIDS (cps) -

1 103 40.7 9.0 28
Comp. A 100 - 406 9.0 32

2 ' 104 40.6 9.1 28 -
3 102 40.7 9.0 24
4 116 : 40.8 9.1 25

5 117 40.6 9.0 25

6 108 40.6 9.0 26

7 108 40.6 9.0 14

8 103 40.4 " 9.0 44
9 114 . 40.9 8.8 5820
10 96 . 40.6 9.0 33
11 117 40.7 8.9 28
12 100 40.4 9.0 32
13 103 40.3 9.0 29
- 14 94 40.4 9.3 29
15 102 404 9.0 27
Notes:

Particle Sizes were determined by Brookhaven Instruments BI-90 Particle Sizer.
Total Solids were determined by weight loss after 30-45 minutes at 150 °C.
Viscosity was determined using Brookfield LVTD Viscometer at 60 rpm.



10 19.9 19.9 11 19.9 19.9-12

28. 4 25.7 13 27.3 -22.4 14 84.2
-52.2 15 61.3 -52.2 Notes: Cal cul ated using the Fox

. equation as disclosed herein using the foH ow ng honopol yner Tgs: butyl
~acrylate = -54[err]C, nethyl nethacrylate™ 105 [err]C, acrylic acid = 103
~[err]C, allyl methacrylate = 105 [err]C. EXAMPLE 2. Preparation of

mul ti - stag ﬁﬂﬂf’g:isﬁ TRl N PE¥ T polymer s Pinulbi-Sfageaguesud 6- 20
|

and Conpar a VSsi Iogmlgé.éé In“sanpl eS 16-20 of this invention,. the
second pol ygﬁwgg ar. t he d,i and the first polyner was
prepared as %g&]‘a .?o%) %hé%?%ﬁp@?es 16- 20, Stage 1 nononers
were conbinéd with 99 dei oni zed er and 40.1 granms 23% Sodi um

dodecyl benz€aepuk¥ ord-8 Stage 2 méfdners were conbined with 295 g

dei oni zed wWR&ter and 46199 grams 23%22%ddi um dodecyl benzenesul fonate. 9.7
granms 23% s8di um do#®Oyl benzenesul-23d4at e and 1130 g deioni zed water were
charged to @ 5 liter28.4ulti-neck fl28&4& fitted with nechanical stirring. The
flask contepts were 4&9ted to 88 d2Brees centigrade under nitrogen. To the
stirred ketgle contepgp were added29@ g Stage 1 nononer enul sion foll owed
by 6.6 g anmgoni um pejgel fate in 30ggdei oni zed water. G adual addition of
the remai ndgr of theys®hage 1 nonomegg £Mul sion was then initiated. Total
addi tion tiﬁe for Stage 1 nononer bsion was 50 to 70 minutes. 25 ni

dei oni zed er was g enul sion feed line to the reactor.
After 15 to190 minut &% he Stage 2 Bomer enmul si on feed

14  was inildi at ed. ls?é’ge 2 feed ti was 50 to 70 minutes foll owed by 25
m dei oni zed2nat er t 884 nse the emA3fon feed line to the reactor.
Concurrent WBth the 8¥&ge 2 feed a $+hition of 1.8 g anmonium persul fate in
78 g deioni 2dd water 84 fed to t he52shction vessel. Throughout Stages 1
and 2 the ragctor tesps¥ ature was n@2® ai ned at 82 [err]C. After conpletion
of the Stage 2 nononer enulsion addition in all sanples except sanple 16,
appr oxi nat elNoteshe total anmmoni um hydroxi de neutralizer was added to the
pol yner enulCileulatdhesing2thegfamequidiamas disclosed heyein ugingdhe follgyangeact or
and the bat Hynvéolpaet Ogst bu apeylates= -5heChatethylwasthesuylade =25 1@ gerylic 9
wi th amoni ygdydioaxdciallyl methakBplawes 1060C. Conpar ati ve sanpl es B-C the
mononers were enul sified in the conbi ned deioni zed water and surfactant
char ges fr oEXAMPLE 2n®Preparation of multi-stage aqueous emulsion polymer

Preparation of Samples 16-20 and Comparative Samples B-C. In samples
16-20 of this invention, the second polymer was prepared as the first stage and

ed to rinse t

the first polymer was prepared as the second stage.
For Samples 16-20, Stage 1 monomers were combined with 295 g

deionized water and 40.1 grams 23% Sodium dodecylbenzenesulfonate. Stage 2

‘monomers were combined with 295 g deionized water and 24.9 grams 23%
Sodium dodecylbenzenesulfonate. 9.7 grams 23% sodium
dodecylbenzenesulfonate and 1130 g deionized water were charged to a 5 liter
multi-neck flask fitted with mechanical stirring. The flask contents were heated
to 88 degrees centigrade under nitrogen. To the stirred kettle contents were
added 96 g Stage 1 monomer emulsion followed by 6.6 g ammonium persulfate in
30 g deionized water. Gradual addition of the remainder of the Stage 1 monomer
emulsion was then initiated. Total addition time for Stage 1 monomer emulsion
was 50 to 70 minutes. 25 ml deionized water was used to rinse the emulsion feed

line to the reactor. After 15 to 20 minutes the Stage 2 monomer emulsion feed



Exanpl es of sanples 16-20. The nononmer enul sion was fed to the reactor
vessel over 110 minutes with the concurrent feed of 1.8 g ammoni um

persul fate in 78 g deionized water. For Samples 19 and 20, 38.9 g
benzophenone was di ssolved in the Stage g nononer enulsion. For Conparative
Sampl e B, 38.9 grans benzophenone was di ssolved in the nonomer enul sion

- TABLE 2.1 Conposition of Mnonmer Enul sions - Stage 1

I\S/L ?ﬁel Zwefﬁﬁ@ hmltﬂeﬁed Bsgﬁ%e %\Q‘éed fihﬁhwla§89 tg 70 mmuteBlﬂdil}dwd&:by Ratml - 391 g

' acryl ate -

~ Acr y?ll c Acd%lonyzf d watgr to nnse%hAMBt l)é@nﬁf@; ?’«(;"re)llI %ii‘gg' eactor %0%"““3“”"119?

wg,hggr ?\//:et aca(:?tgﬁ’%tz:fe%g@ ﬁlhiﬁgng{?tl@g @Bﬁ:luin%g?sﬂ ate in 78 delonézeg water

Acryl ate -
|\B/§t K' ACIr yivakded g@ﬂ%e fesgtion vessel. Throuyhbm/Std@s haand/ﬁd:he readdn. 6 g Met hyl
thacryl ate - 537 g Acrylic Acid 19. Acrylic

Acid - 10, tprgperature was mainggingd a2 e Hfter completion @*5 thg‘\ﬁ"rﬁgﬁ 2BORGTET.
19.5 ¢

(509 - gmulsmg add]1t1ori ip aB plzsé Fxﬁ:egtt esafnple 169approﬁi’h§.téi? Wﬂz\@c' r&;izlralall ![ 2'[ e
g% gg ammonium hly’ﬂrdsmﬂe Ikibutmdmzyi' wae added4oahg pom;uepyemmmc Meat1Q0-

g c Aci C c Acid
Allyl Meth mp gpépmzétgv\%.t%f Wavp.ﬁ@?d %%F%ﬂe@ctorlgl%t@ {)Xtch whS tSoled %o 6& 9
Et hyl eni cabhy - droxid:
Beny Ophenong jl‘l{%sﬁéﬂdﬁ%ﬁdneutrahzed to pH 6-9 with ammonium hydroxide. i ei do
Met hacryl at e ( SIBB:W/eveS for §omparative samples B-C the monomers were emulsified irg

Sanmpl e 19 ﬁg %&ffg&/‘ﬁagﬁméd%gﬁ@gﬁﬁgﬁuﬁﬁﬁ a’;%rsghate§t%§‘9i‘agd2m

Met hyl

Acrylic AC 'E;(amﬂl%s 5f Qamples 16-20. AheVihborer dmu1§18n5vegs fed to the react8f vgbsel -
Met hacryl ate - . Al lyl Methacryl ate - 4

Urei do Met lexer w&mn(msemmh thegcogeusenp feedof 1. Be gnmeniyapersulfining g g

Butyl Acryl te Met hyl Met hacrylate - 593.2 g Met hyl
Met hacryl af g%gwft%f Acrylic Acid - 19.5 g Acrylic
Acid - 19.5 g For Samples 19 and 20, 38.9 g benzophenone was dissolved in the Stage 2

monomer emulsion. For Comparative Sample B, 38.9 grams benzophenone was

dissolved in the monomer emulsion

TABLE 2.1 Composition of Monomer Emulsions

Sample 16

Stage 1

Butyl Acrylate - 389 g

Methyl Methacrylate - 544.6 g
Acrylic Acid-195¢g

 Allyl Methacrylate-195g

Sample 17

Sample 18

Butyl Acrylate - 389 g

Methyl Methacrylate - 544.6 g
Acrylic Acid - 19.5 g

Allyl Methacrylate - 19.5 g

Butyl Acrylate - 389 g

Methyl Methacrylate - 544.6 g
Acrylic Acid-195¢g

Allyl Methacrylate - 19.5 g

Stage 2

Butyl Acrylate - 391 g

Methyl Methacrylate - 5562.3 g
Acrylic Acid-19.5 g

Allyl Methacrylate -4.9g

Ureido Methacrylate (50%) - 9.8g

Butyl Acrylate -391.1 g

Methyl Methacrylate - 537.6 g
Acrylic Acid-195 g '
Vinyl Toluene - 19.5 g

Ureido Methacrylate (50%) - 9.8 g

Butyl Acrylate - 397.2g

Methyl Methacrylate - 518.2 g
Acrylic Acid-195 g

Vinyl Toluene - 19.5 g
Ethylenically-unsaturated
Benzophenone - 13.3 g

Ureido Methacrylate (50%) - 9.8 g



Allyl Methacrylate - 19.5 g Vinyl Toluene - 19.5 g.

Ureido Methacrylate (509 - 9.8 g Conp. Butyl Acrylate - 680.8 g Sanple
B Methyl Methacrylate - 1196.3 ¢ Acrylic Acid - 38.9 ¢

Al lyl Methacrylate - 24.3 g jk ei do Methacrylate (509 - 9.8 ¢
Conp. Butyl Acrylate - 680.8 g Sanple C Methyl Methacrylate - 1196.3
g Acrylic Acid - 38.9 ¢ Al lyl Methacrylate - 24.3 g
Ureido Methacrylate (50% - 9.8 g TABLE 2.2 Characterization of aqueous
emul si on polyners SAMPLE PARTICLE TOTAL pH VI SCCsSI TY
?5,5257(“”') Sagg}%g§ Butyl AW%&%S)%% 13%utyl Acrylatéd {391 g 6.3
oA 6 3 3gMeghyl Meths éalte 5ad%6 g S O%%thyl Methacslate - 5%3g
134 45.7  Acrylic Acid - ];% 1 aifierylic Acid , ga‘ 6 90

Brookhaven Instrunments Bl-90 Particle Sizer Totablre
wei ght |l oss after 30-45 minutes at 150 C Viscosity det erm ned using
Br ookf i el dSkxAdle %0s c ButykbActlad 34ht g Butyl Acrylate - 3404 g
16 TABLE 1.3 Cal c Meéthgt Mathaofylpiel 4588.2 gt agesMethyliMethecrglaie si588.3 g
polynmers. SAMPLE St ageyllc Agid{89.6]gC)  Stage 2 AeryliceAdifl€)191%5g 19. 9
19.3 17 19.9 Allyl Methacrylafe 2198 g 191181 Toluene - 19.5 7.0 19
19.9 19.3 Ureido Methacrylate (50%) - 9.8 g
Comp. Butyl Acrylate - 680.8 g
Sample B Methyl Methacrylate - 1196.3 g
Acrylic Acid-389g
Allyl Methacrylate-24.3 g
Ureido Methacrylate (50%) -9.8 g

Comp. C 130 Alla!‘}fl\@ethacryatea'gﬁo5ﬁ44 Par t90Y ‘2% t%rﬁ?%ﬂb -yang

Comp. Butyl Acrylate - 680.8 g

Sample C  Methyl Methacrylate - 1196.3 g
Acrylic Acid -389 g
Allyl Methacrylate - 24.3 g
Ureido Methacrylate (50%) - 9.8 g

TABLE 2.2 Characterization of agqueous emulsion polymers

SAMPLE PARTICLE @TOTAL pH VISCOSITY
SIZE (nm) SOLIDS (cps)

16 139 47.5 6.3 39

17 136 47.3 6.2 36

18 132 474 6.3 38

19 141 47.6 : 6.4 48

20 134 - 45.7 85 60

Comp. B 140 47.2 86 90

Comp. C 130 47.4 85 144

Particle Size determined by Brookhaven Instruments BI-90 Particle Sizer
Total Solids determined by weight loss after 30-45 minutes at 150 °C
Viscosity determined using Brookfield LVTD Viscometer at 60 rpm



20 28. 4 28.0 Conmp. B 28.2 none Conp. C

28. 2 . none EXAMPLE 3. Formation of Aqueous Coating

Conposi tions and Eval uati on of Properties of Dry Coatings Conpositions. All
agueous coating conpositions were nade usigg the follow ng formulation:

Mat eri al G ans Propyl enegl ycol 40.0
Tego FOAMEX 800 1.0 TRI TON CF-10 1.81
TAMOL 731 (25.0% 8.22 Ti-Pure R-706 . 205. 44

- Water TABLE 1.3 CalculatédTgs of polymer Etages ofiaguepmsremulsion

- 573.46 , Propyl enegl ycol - 5.0 TEXANOL

- 21.7 polymiersn GR- 7M 2.01 Vat er

152. 86 SA&%-P”Q%?Z %ﬁk(%Zowggg Tg e 17 Not es: ACRYSCL and

TAMOL are tag npany. TRITON is a trademark of

Uni on Car bi Cor p. NCOL[err] i i,trademark of Eastnman Chenical Co.
+ Tego FOAMEX-i's a traterfiane of Tegosg me Service USA Ti-Pure is a
i trademark ofl8El DuPot¥-%de Nemours. Coati ng conpositions were

' prepared as18bove usi®§ Sanples 1-13-8nd Conparative Sanple A as the

- " Enul sion P80ymer". B84 Sanples 16-280%and Conparative Sanples B-C,

- propyl ene glGommp.Bras28@pl aced with meneyl CARBITOL (CARBITOL is a

trademar k ofCddap.@n C28123 de Corp.). ndnary filmof each coating conposition

was prepared and tested according to the test nmethods presented above.

Resul ts are g AMPLEIS] Folakafion df Aqueous Coating Compositions and

17 TABLE 3.1 Properties of dry filns_of .aque(QJus coat ngs conposi tions
cont ai ni ng Mvaluationef Rranertiesof PryCoatings Compositions. _

All aqueous coating compositions were made using the following formulation:

Material Grams
Propyleneglycol 40.0
Tego FOAMEX 800 1.0
TRITON CF-10 1.81
TAMOL® 731 (25.0%) 8.22
Ti-Pure® R-706 205.44
Water 10.0
Emulsion polymer 573.46
Propyleneglycol 5.0
TEXANOL™ 21.7
TRITON® GR-TM : 2.01
Water 152.86
ACRYSOL® RM-2020NPR 4.17

Notes: ACRYSOL® and TAMOL® are trédemarks of Rohm and Haas Company.
TRITON® is a trademark of Union Carbide Corp. TEXANOL™ is a t.radema.\rk of
Eastman Chemical Co. Tego FOAMEX is a tradename of Tego Chemie Service
USA. Ti-Pure® is a trademark of EI DuPont de Nemours. Co.

Coating compositions were prepared as above using Samples 1-15 and
Comparative Sample A as the “Emulsion Polymer”. For Samples 16-20 and
Comparative Samples B-C, propylene glycol was replaced with Methyl
CARBITOL® (CA.R_BITOL® is a trademark of Union Carbide Corp.).

A dry film of each coating composition was prepared and tested according to the

test methods presented above. Results are presented in Table 3.1.



Coati ng d oss 600 Scrub Bl ock Dirt Contai ning

Resi st ance Resi st ance Resi st ance Sanpl e 1st spot
CBlack (% 1 84 418 1 80
Conp. A 84 466 6 50 2

84 322 3 7Y 3 85

298 4 77 4 82 583 0
82 5 84 351 4 83 6

83 413 3 90, 7 . 75 ...

580 ' TABLE 3.1 Propertigs of dry films of aquegys coating compositions 6
93 9 - . s 84 10

53 ccl{}%nmgndlultl-stgge aq@éléus en%%lsign IQ)lymer. 82

261 0 77 12 84 957 - 0
81 13 Coating 52 Gloss 60° 471Scrub Block st 14

52 Cohfining 9 Resistdfé: 15 Resistance  Resigthnce '
202 Sandble 98 16  1stgpot 80 C B1246(%) -
or 17 1 81 g4 446 418 -1 83 18

82 Comp) A y 46699 19 6 83

289 1 f1 20 5o 83 0 ]
101 Conp. B2 83 184 - 2 Conp. C

84 3 166 85 29899 Note: 4sanpl es 16-20 and

Conpar at i ve4Sanpl es B-C weB8 W cured®88r two day@ after one® ay air-dry
before the @i rt resistance8easuremensdl Dry%ilnms of c83ting

conposi ti on$ contai ni ng nui88i st age emdl8i on pol yn& . sanpl es 99.20 of this

i nvention eghibit superior 78i rt pickup8fesistancelin conpariddon to that of
Conpar ati vegSanpl e A whi ch gloes not c@5#ain copolénerized 93

mul ti-ethyl gnically unsaturgated nonomegsi n the seapnd polynme84 Dry filns
of coating g@nmpositi ons comgsai ni ng nmuy@pdet age emulgi on pol yngwg  sanpl es

1-20 of thi S i nvention exhidyit superiggydirt pickyp resistancg and
superi or 503%0 resi stance id) conpari SQ7t 0 those qf Conparatigje Sanples B-C
whi ch contaij} a single sta%rgmj!s!on Iyme.r,.angndl cation gf poorer film
zgr mation f 7 t he coating ol ositi ons‘i5 ont ai ni ng I he singl elé(t)age pol ynmer

15 70 _ 202 8 98

16 80 216 - 97

17 81 446 - 97

18 82 430 - 29

19 82 289 - 101

20 83 360 - 101

Comp. B 83 184 - 102

Comp. C 84 ' 166 - 99

Note: Samples 16-20 and Comparative Samples B-C were UV cured for two days
after one day air-dry before the dirt resistance measurement.

Dry films of coating compositions containing multistage emulsion polymer
samples 1-20 of this invention exhibit superior dirt pickup resistance in
comparison to that of Comparative Sample A which does not contain
copolymerized multi-ethylenically unsaturated monomer in the second polymer.
Dry films of coating compositions containing multistage emulsion polymer
samples 1-20 of this invention exhibit superior dirt pickup resistance and
superior scrub resistance in comparison to those of Comparative Samples B-C
which contain a single stage emulsion polymer, an indication of poorer film

formation for the coating compositions containing the single stage polymer



WHAT IS CLAIMED I S: 1. A multi-stage aqueous enul si on pol yner sui tabl e

for use in dirt pickup resistant coatings conprising— i) dTII’S[
pol yner conprising at |east one nonionic copolynerize

unsaturated nononer, fromO0.5%to 7% of a copol yneri zamnﬂwm“wm IIy
unsat urated ionic nononer, based on the wei ght of sai I'd St pal yser* and

- from0%to 1.0% based on the weight of sd first polynmer, of a

ﬁoppl ynerized nmulti-ethylenically unsaturated nononmer, said first polyner
aving a T e 5[err]C and (ii) a second pol yner

conpri si nggmijgéfk LFSQIEI hi c copol yneri zed nonoet hyl enically

unsat ur at ed; MONOABA1ti-ERIB M gedus ¥nitilsidnceiiphersuitablt fooruse i disrpickup y
unsaturated 1 onic nononer, and fromO0.25%to 6% based on the weight of

sai (cji secongrqsmeltt?nblc?ahmgﬁ)tqmpnsmd mul ti-ethyl enically unsaturated nononer,
sai d second po r , n
y %ﬁéﬁﬁp@wg p‘Ei'?Jl 2k fedd? c?%g 1{0%6:11@ coéglyﬁlei%an

pol ymer having a“tdi f f an sal I rst poly and said
second pol Y%no@&hﬂﬁnfcl’aﬂmxﬁﬁ%ﬁﬁté&%(ﬁ'fonﬁéle fitowh AL5%xs0 G4 of)si cepplulmremsd
polyrrer and said second_poly sed on dry P V\ﬁ the
nul ti-st agenmqlmthﬁde@maﬂg |‘€Wab‘&%tﬂ€i°18f’ RORGTHET) %ﬂ\ﬁ/’éﬁ ap E ? gaid first
pol yrer AL egﬁldrh‘gnlfd% {;1%93%5%%:?&&%% o sRid ﬂf&r o'lﬁn@f afgared in
t he presenc f1rst ) | - stage enuIS|on pol yrer
of claim1l @6p(ﬂ&ﬁiéﬁz%dfmﬁ1theth3dempally urgaturated cogsingers sajdefirstmobyraer

sel ected from nononers, consi st |€ nonoet hyl eni cal | y unsat ur at ed
acet ophenonélaér&g gaig ol ° P8 h9F %Pﬁical unsat ur ated benzophenone
derivatives, and m xtures thereof. 4. A nmet hod for providing a dirt

pi ckup resistant gpat iaNGc5BblyRidikomprising at(l@ist dre mxﬁgnﬁrbopqlmnzed
coating conp05|t|on conprising a nulti-stage eous e SIO r
conpri sing monoethylenically 1(1ms;atur@temmgnorpgryﬁq@m %ﬁg% g%cg@o

noni oni ¢ cg Ole?éﬁe{elﬁg qu”t?ﬂs?a%t DYALER h¥nbRRp! kot U%?ZTFJ 6% BQé@cpoé%

to 7%of a ™

copol ymer i zegeRRsgRt b4 seand/ pelytr| cactyimiesizied nnultethyletiasldyl on t he

wei ght of said first pol and from0%to 0% bgse e ht . of
sai d unsaturatedF;nogomer said second polgzmer avugg a ?’ gg bq:o 3\894(9 Laid

second polymer having a different composition than said first polymer, and said
second polymer being from 25% to 75% of the total weight of said first polymer
and said second polymer, based on dry polymer weights.

2. The multi-stage aqueous emulsion polymer of claim'l wherein said first
polymer is prepared in a first stage and said second polymer is prepared in

the presence of said first polymer.

3. The multi-stage emulsion polymer of claim 1 or claim 2 further comprising a
copolymerized monomer selected from monomers consisting of -
monoethylenically unsaturated acetophenone derivatives, monoethylenically

unsaturated benzophenbne derivatives, and mixtures thereof.
4. A method for providing a dirt pickup resistant coating comprising

(a) forming an aqueous coating composition comprising a multi-stage

aqueous emulsion polymer comprising

6)) a first polymer comprising at least one nonionic

_copolymerized-monoethylenically unsaturated monomer, from 0.5% to 7% of a



first polymer, of a copolymerized nulti-ethylenically unsaturated nonomer,
said first polynmer having a Tg of 15[err]Cto 105 [err]C, and

(ii) a second polymer conprising at |east one noni glulmﬂml d
npnoet hyl eni cal |y unsaturated nononer, from0%to J gwm. zed
nonoet hyl eni cal |y unsaturated ionic monomps, and fromD. 25%" 0 °6% based on
- the weight of said second polyner, copolynerized multi- ethylenically

. unsat urated nononer, said second polynmer having a Tg of -55[err]Cto 30

[er r} C, sai @b;gﬁym@gizad)h:yﬂrmethﬂehiugllg uhisaterated iowikpoeiamnen based ondhd fir st
copol ynmer, and said segond pol yner I n ro % to {5%pf the taotal

wei ght  of sweight; °rf§9-1‘§§F RACuC: %‘é‘? g’°§89%’n@%§??%@??gﬂﬁ§ga qu‘lgelbtr é}tsﬁéﬁiyrrer
wei ght s. first polffkr, @ﬁ)aobéﬁc?i‘gméﬁbgd AUEOLVIAALAINY uBSaRRELd SRnbfe?, said
substrate, and "~ (c) drying, or allowng to dry, said applied agueous
coating confiest polgmer having a Mgeofiih POdo 305¢Camnd4 wherein said first
polymer is prepared in a first stage and said second polyner is

prepared | Le pro<ehee. oL aalih bt e comprsif ot Bl pglionlito ™! hod o

claim4 wherein said rises a

copol ymeri zegp ds8bresstRgchi @iy RisHtarstedanshamenfrath 0% to 2% of a
monoet hyl eni cal [ y unsaturat ed acet ophenone derivatives, nonoe Hyl eni I
unsat ur at ed copolymenized raonesthylemically, unsatusated jpBic MARPRST ané; °3Fh§'2%?§f T‘%d

of claim4 | ai [ -ai ' i ' .
conpositi on%%ﬁﬁiﬁga]ogﬁrrlﬁrﬁéslggggpﬁ O?g&!ﬁ%?%@%%ﬁﬁ%@%ﬁ%@? gld_ fromthe
group consi sthylenithllpamsitiivdtedimatdyier)zaid secvndboymenhheingre Tgafi-58Cves

and non-et hyl eni cal | y. unsat urated benzaphengne derivat.ives
to 30 °C, sa%/d second polymer havingpa ﬁif?erent composition than said first

copolymer, and said second polymer being from 25% to 75% of the total weight of
said first polymer and said second polymer, based on dry polymer weights.

(b) applying said aqueous coating composition to a substrate, and

(¢) drying, or allowing to dry, said applied aqueous coating composition.

5. The method of claim 4 wherein said first polymer is prepared in a first

stage and said second polymer is prepared in the presence of said first

polymer.

6. The method of claim 4 wherein said mulﬁ-stage polymer further comprises a
copolymerized monomer selected from monomers consisting of
monoethylenically unsaturated acetophenone derivatives, monoethylenically

unsaturated benzophenone derivatives, and mixtures thereof.

7. The method of claim 4 or claim 5 or claim 6 wherein said aqueous coating
composition further comprises a photosensitive compound selected from the
group consisting of non-ethylenically unsaturated acetophenone derivatives

and non-ethylenically unsaturated benzophenone derivatives



